The dual 5a-reductase inhibitor, dutasteride has been shown to suppress serum dihydrotestosterone (DHT) by 490%. In the present study, the effect of dutasteride 0.5 mg/day on intraprostatic DHT levels was investigated. In this multicenter, double-blind trial, 43 men with benign prostatic hyperplasia (BPH) scheduled to undergo transurethral resection of the prostate (TURP) were randomized to receive dutasteride, 0.5 mg/day or placebo for 3 months before surgery. Intraprostatic DHT, testosterone and dutasteride levels were determined at the time of TURP. Changes in serum DHT and testosterone from baseline, and both serum and intraprostatic dutasteride levels at the time of TURP were also assessed. Dutasteride reduced intraprostatic DHT by 94% relative to placebo (Po0.001); the adjusted mean intraprostatic DHT concentration was 3.23 and 0.209 ng/g in the placebo and dutasteride groups, respectively. In the dutasteride group, serum DHT was reduced from baseline by 93% at month 3, a significantly greater reduction (Po0.001) than the 15% decrease observed in the placebo group. There was a reciprocal increase in intraprostatic testosterone but the level of intraprostatic testosterone in the dutasteride group tended to be lower than the intraprostatic DHT level in the placebo group (P ¼ 0.06). Significant intraprostatic DHT suppression was achieved in all subjects who received dutasteride, regardless of the level of intraprostatic dutasteride. There was a strong positive correlation between serum and intraprostatic dutasteride concentrations (R 2 ¼ 0.73). After 3 months of treatment, dutasteride 0.5 mg/day provided near-complete suppression of both intraprostatic and serum DHT in men with BPH.
Introduction
Benign prostatic hyperplasia (BPH) is one of the most common diseases of ageing men, affecting more than 50% of men in their sixties and up to 90% of men in their seventies and eighties.
1 BPH -characterized histologically by stromal and epithelial cell hyperplasia and clinically by bothersome lower urinary tract syndrome 2 -has a significant, negative impact on the quality of life of patients and is also associated with serious long-term complications, such as acute urinary retention (AUR) and BPH-related surgery. 3 Dihydrotestosterone (DHT), the primary androgen responsible for prostate growth, is synthesized from testosterone by type 1 and type 2 5a-reductase (5AR), both of which are expressed and active in the prostate. [4] [5] [6] There is a wealth of evidence for a key role of DHT in the development and progression of BPH. 7 Most notably, large-scale clinical trials have demonstrated that the 5AR inhibitors (5ARIs), finasteride and dutasteride -by suppressing DHT levels -provide significant reductions in prostate volume, improvements in flow rate and symptoms and a decrease in the risk of AUR and diseaserelated surgery in men with BPH. 8, 9 In addition to BPH, there is a growing body of evidence, both from histopathological and clinical studies, for a role of DHT in the development of prostate cancer. [10] [11] [12] The dual 5ARI, dutasteride (0.5 mg/day) provides greater suppression of serum DHT compared with the type 2-selective 5ARI, finasteride (5 mg/day) (490 vs 70%). 13 The near-complete suppression of serum DHT with dutasteride is evident within 1-2 weeks of therapy and is sustained for up to 4 years. 8, 14 As the prostate is the main site of action for DHT in the development and progression of BPH, it is of clinical importance to determine the effect of 5ARIs on intraprostatic DHT levels.
Treatment with finasteride, 1 or 5 mg/day, for 7 days has been reported to suppress intraprostatic DHT by approximately 85% compared with placebo. 15 A study investigating the effects of treatment with the approved dose of finasteride (5 mg/day) demonstrated a 68% suppression of intraprostatic DHT at 6 months. 16 In a previous dutasteride study in men with prostate cancer, treatment with a high dose, 5 mg/day, for 6-10 weeks was associated with a 97% decrease in intraprostatic DHT levels. 10 The present study investigates the effect of the approved dose of dutasteride, 0.5 mg/day, on intraprostatic DHT levels in men with BPH treated for 3 months before transurethral resection of the prostate (TURP).
Materials and methods

Patients
Men aged X50 years, who had been diagnosed with BPH (evident from their medical history and a physical examination, including a digital rectal examination) and who were scheduled to undergo TURP for BPH and able to wait 3 months for the procedure were included in this study. Patients who went on to have open prostatectomy rather than TURP were still included in the analysis. Exclusion criteria included history or current evidence of prostate cancer and prostate-specific antigen (PSA) level o1.5 or X15 ng/ml (men with PSA X4 ng/ml were only included if they had a negative ultrasound and/or biopsy within 12 months). Patients were also excluded if they had undergone previous prostatic surgery or had received treatment with finasteride or any investigational 5ARIs within 6 months of enrolment. All patients provided written, informed consent.
Study design
This was a double-blind, randomized and placebocontrolled trial conducted at six centers in the USA. Two weeks after their screening visit, eligible men were randomized to receive dutasteride, 0.5 mg/day -the dose of dutasteride currently approved for the treatment of BPH -or placebo for 3 months before TURP. Study medication was provided by GlaxoSmithKline (GSK) and allocated via the registration and medication ordering system. Patients visited the clinic at screening (visit 1), 2 weeks later at randomization (visit 2) and then at month 1 (visit 3), month 2 (visit 4) and finally the morning of TURP (month 3, visit 5). A follow-up phone call was also made 4 months after TURP to assess any adverse effects. Dutasteride 0.5 mg oral gel-caps or matching placebo was self-administered once daily over the 3 months of treatment, with the exception of the final dose on the day of TURP, which was administered at the study center.
The primary end point was the level of intraprostatic DHT measured in prostatic tissue samples taken at the time of TURP or open prostatectomy (month 3). Secondary end points included: intraprostatic testosterone levels; change in serum DHT at 3 months and correlation with intraprostatic DHT at TURP; change in serum testosterone levels and correlation with intraprostatic testosterone levels at TURP; and serum and intraprostatic dutasteride concentrations at TURP in men who had received dutasteride for 3 months.
The study protocol was approved by a national, regional or investigational center ethics committee, or an institutional review board at each center. The study was conducted in accordance with Good Clinical Practice and all relevant regulatory requirements including, where applicable, the 1996 Declaration of Helsinki Principles.
DHT and testosterone measurements
Blood samples for DHT and testosterone analysis were collected at screening and on the day of TURP (month 3), within 6 h of surgery. Serum samples were analyzed by Taylor Technology (Princeton, NJ, USA) using a validated analytical method based on solid phase extraction followed by chemical derivatization and gas chromatography/mass spectroscopy analysis. The lower limit of quantification (LLQ) was 25 pg/ml for testosterone and 5 pg/ml for DHT; the upper limits of quantification (HLQ) were 12 800 and 2560 pg/ml for testosterone and DHT, respectively. Owing to a discontinuation of this assay at Taylor Technology, 23 samples were analyzed by Pharmaceutical Product Development (PPD, Richmond, VA, USA) using another validated analytical model based on solvent extraction followed by chemical derivatization and liquid chromatography/mass spectroscopy (LC/MS) analysis. With this method, the LLQ was 50 pg/ml for testosterone and 10 pg/ml for DHT, and the HLQ was 10 000 and 500 pg/ml for testosterone and DHT, respectively. In a comparison of the serum testosterone data from Taylor and PPD, 83% of the results varied by less than 30%. Serum DHT and testosterone concentrations are expressed in (ng/dl). Multiplicative factors for conversion of serum DHT and testosterone concentrations from (ng/dl) to (nmol/l) are 0.0344 and 0.0347, respectively.
Prostate tissue chips collected at the time of TURP were immediately placed on ice and then frozen in liquid nitrogen at approximately À701C, as previously reported. 17, 18 Homogenate samples were analyzed for DHT and testosterone by PPD using a qualified analytical method based on solvent extraction followed by chemical derivatization and LC/MS analysis. The LLQ for both testosterone and DHT was 25 pg/g using 200 mg of tissue homogenate. The HLQ was 7500 pg/g of tissue homogenate for testosterone and 7500 pg/g of tissue homogenate for DHT. Intraprostatic DHT and testosterone concentrations are expressed in (pg/g). Multiplicative factors for conversion of intraprostatic DHT and testosterone concentrations from (ng/g) to (nmol/kg) are 3.44 and 3.47, respectively.
For each assay, quality control samples were prepared at three different analyte concentrations and were analyzed with each batch of samples against separately prepared calibration standards.
Dutasteride measurements
Blood samples for measurement of serum dutasteride concentrations were drawn at month 1, 2 and 3 before the daily dose of dutasteride. Serum dutasteride levels were measured by Quest Pharmaceutical Services (QPS, Newark, DE, USA) using a validated analytical method based on solvent extraction followed by LC/MS analysis.
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The LLQ and HLQ for dutasteride were 0.1 and 200 ng/ ml, respectively. Prostate tissue homogenate samples collected at the time of TURP (month 3) were analyzed for dutasteride by QPS, again using a validated analytical method based on solvent extraction followed by LC/MS analysis. In this analysis, the LLQ was 0.5 ng/ml of tissue homogenate and the HLQ 200 ng/ml of tissue homogenate.
Safety
The occurrence of adverse events was assessed at each clinic visit and during the follow-up telephone call 4 months after TURP. Clinical laboratory tests, including clinical chemistry, hematology and urinalysis, were performed at the screening visit and 6 h before TURP.
Statistical analysis
The sample size was calculated from the results of the ARI40007 study (GSK, data on file). In ARI40007, the mean intraprostatic DHT concentration was 0.33 ng/g in patients who received dutasteride 0.5 mg/day for 4 weeks before TURP, 0.56 ng/g in patients who received placebo for 2 weeks then dutasteride 0.5 mg/day for 2 weeks before TURP and 3.40 ng/g in patients who received placebo throughout the study. Based on these results, it was calculated that 15 evaluable subjects were required per treatment group to provide 99% power to declare superiority of dutasteride 0.5 mg/day compared with placebo in the reduction of intraprostatic DHT. This sample size was also estimated to provide sufficient power for comparisons of intraprostatic testosterone levels between treatment groups. To ensure 15 evaluable subjects, approximately 20 subjects were randomized to each treatment group.
Statistical comparisons were performed on the intention-to-treat population. Treatment group comparisons of intraprostatic DHT and testosterone were performed in terms of logarithmically transformed data and were based on a t-test from the general linear model with effects for treatment group. Treatment group comparisons of the percent change from baseline in serum DHT and testosterone were in terms of logarithmically transformed data using a t-test from the general linear model with effects for treatment and baseline value included as a covariate. Differences between treatment groups were considered to be statistically significant if the two-sided P-value was p0.05. The correlations between intraprostatic and serum DHT and between intraprostatic and serum testosterone were evaluated within each treatment group using Spearman's rank correlation statistics. Intraprostatic and serum trough dutasteride concentrations were summarized by treatment group. Intraprostatic DHT in the placebo group was compared with intraprostatic testosterone in the dutasteride group using the Wilcoxon Rank Sum test. All statistical analyses were performed using the SAS system, Version 8 for UNIX.
Results
Subject disposition and demographics
A total of 43 men with BPH awaiting TURP were randomized to receive dutasteride, 0.5 mg/day (n ¼ 22) or placebo (n ¼ 21) for 3 months. TURP was performed on 95% (n ¼ 21) of subjects in the dutasteride group and 86% (n ¼ 18) of subjects receiving placebo. None of the subjects underwent an open prostatectomy. A total of 20 and 18 subjects in the dutasteride and placebo groups, respectively, completed the study. Demographic and baseline characteristics were similar in the two treatment groups (Table 1) .
Intraprostatic and serum DHT
After 3 months of treatment, the adjusted mean intraprostatic DHT level was 0.209 ng/g in the dutasteride group and 3.23 ng/g in the placebo group; dutasteride reduced intraprostatic DHT by approximately 94% compared with placebo (Po0.001) (Table 2, Figure 1a) .
Before treatment, serum DHT levels were slightly higher in the dutasteride group compared with the placebo group (median of 42.1 vs 31.7 ng/dl). On the day of TURP, men who had received dutasteride, 0.5 mg/day for 3 months demonstrated a 93% reduction in serum DHT levels from baseline, compared with a 15% decrease in the placebo group (Po0.001) (Figure 2a) .
There was no significant correlation between intraprostatic and serum DHT within treatment groups. 
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Intraprostatic and serum testosterone
Intraprostatic testosterone levels at the time of TURP (month 3) were significantly (Po0.001) higher in the dutasteride group compared with the placebo group (2.54 vs 0.091 ng/g) ( Table 2 , Figure 1b) . However, the level of intraprostatic testosterone in the dutasteride group tended to be lower than the level of intraprostatic DHT in the placebo group (2.54 vs 3.23 ng/g, P ¼ 0.06). At baseline, serum testosterone levels were higher in the dutasteride group compared with the placebo group (median of 406 vs 367 ng/dl). There was no significant difference in the change in serum testosterone levels at month 3 from baseline between the two treatment groups (Figure 2b) .
No significant correlations existed between intraprostatic and serum testosterone levels within treatment groups.
Intraprostatic and serum dutasteride
The median intraprostatic dutasteride concentration at the time of TURP (month 3) was 26.4 ng/g. Intraprostatic dutasteride concentrations ranged from 7.4 to 53.0 ng/g. However, significant intraprostatic DHT suppression was achieved in all men in the dutasteride group (Figure 3) .
Serum trough dutasteride concentration increased during the study, from a median of 16.6 ng/ml at month 1 to 28.1 ng/ml at month 3. Steady-state serum concentrations (defined as X80% of the mean serum dutasteride concentration achieved at 1 year, 30.1 ng/ml) were reached in 52.4% of patients in the dutasteride group.
There was a strong, statistically significant correlation (R 2 ¼ 0.73, Po0.001) between serum and intraprostatic dutasteride concentrations at the time of TURP (month 3) (Figure 4) .
Safety
There was no significant difference between the two treatment groups in the overall frequency of adverse events, frequency of drug-related adverse events, frequency of serious adverse events or frequency of adverse events leading to study discontinuation. The most frequently reported adverse events were urinary tract infection, prostate cancer, headache and micturition Figure 3 The relationship between intraprostatic dutasteride concentration and intraprostatic DHT suppression among patients treated with dutasteride. Intraprostatic DHT suppression was achieved with all intraprostatic dutasteride concentrations; there was no significant correlation between the two parameters. The median intraprostatic dutasteride concentration was 26.4 ng/g.
Effect of dutasteride on intraprostatic dihydrotestosterone in men with BPH R Wurzel et al disorder, none of which were considered to be related to study medication. In the dutasteride group, two patients presented with an adverse event that led to discontinuation of study medication: one patient experienced a worsening of irritative voiding symptoms and the second patient, moderate angioneurotic edema. Both of these adverse events resolved and were not considered by the investigator to be serious.
Discussion
The proven clinical benefits of 5ARIs in the treatment of BPH, which include a reduction in prostate volume, improvement in flow rate and symptoms and a decrease in the risk of long-term complications, 8, 9 are achieved through inhibition of the conversion of testosterone to DHT -the primary androgen responsible for prostate growth. The present study shows that treatment with the approved dose of the dual 5ARI dutasteride (0.5 mg/ day) for 3 months reduced DHT levels in the prostate, the principal site of action, by approximately 94% compared with placebo in men with BPH. In addition, dutasteride reduced serum DHT levels from baseline by 93%. Dutasteride was well tolerated.
The near-complete suppression of intraprostatic DHT after 3 months of treatment with dutasteride 0.5 mg/day in men with BPH is consistent with the 97% intraprostatic DHT suppression reported previously in men with prostate cancer who received a 10-fold higher dose of dutasteride (5 mg/day) for 6 weeks. 10 Treatment with finasteride, 1 or 5 mg/day, for 7 days has been shown to reduce intraprostatic DHT by approximately 85% compared with placebo. 15 Intraprostatic DHT suppression was greater with the 100 mg dose than the 1 or 5 mg dose. A later study showed that treatment with finasteride 5 mg/day for 6 months resulted in 68% intraprostatic DHT suppression compared with placebo. 16 Thus, the 94% intraprostatic DHT suppression with dutasteride demonstrated in the present study is greater than the intraprostatic DHT suppression with finasteride reported in the literature. Greater intraprostatic DHT suppression with dutasteride, a dual 5ARI, compared with finasteride, a type 2-selective 5ARI, in men with BPH is consistent with the presence of both isoenzymes in BPH tissue. 4, 19 The 490% suppression of serum DHT with dutasteride observed in this study is in agreement with the results of large-scale, long-term clinical trials with dutasteride, 8, 20 and is greater than the 70% serum DHT suppression observed with finasteride. 13 As expected, the near-complete suppression of intraprostatic DHT with dutasteride was accompanied by a reciprocal rise in intraprostatic testosterone levels. However, the rise in intraprostatic testosterone tended to be smaller than the rise in DHT in the placebo group. Thus, in addition to DHT being replaced by the weaker androgen, testosterone, 7 the total androgen level in the prostate was lower with dutasteride compared with placebo.
There was a strong, statistically significant correlation between serum and intraprostatic dutasteride levels, demonstrating that dutasteride readily distributes to the prostate. Despite the variability in intraprostatic dutasteride levels in this study, near-complete DHT suppression was achieved in all subjects who received the 0.5 mg dose.
Dual inhibition of the two 5AR isoenzymes and the resulting near-complete suppression of DHT may also have relevance for prostate cancer. In localized prostate cancer, type 1 5AR expression is increased and type 2 5AR expression decreased compared with normal and BPH tissue, and expression of both 5AR isoenzymes is increased in advanced prostate cancer. 19 Dutasteride has been shown to increase atrophy and apoptosis in prostate cancer with 6-11 weeks treatment before radical prostatectomy. 10, 11 The Prostate Cancer Prevention Trial demonstrated a significant 24.8% reduction in the prevalence of prostate cancer with finasteride compared with placebo. 12 The effects of dutasteride on the risk of prostate cancer in men at high risk of developing the disease are being investigated in the ongoing REduction with DUtasteride in prostate Cancer Events (REDUCE) trial. 21 This study is the first to report on the effects of dutasteride 0.5 mg/day on intraprostatic DHT in men with BPH. Limitations of this study include the relatively small patient numbers and short duration of the study. The majority of patients achieved steady-state serum dutasteride concentrations during the period of the study and, with the effective penetration of dutasteride into the prostate proven in this study, it seems likely that steady-state or near steady-state concentrations were also achieved in the prostate. Near-complete serum DHT suppression with dutasteride has been reported as early as weeks 1 and 2 into treatment and is sustained for up to 4 years. 8, 20 This study provides strong evidence that the well-established, near-complete suppression of serum DHT with dutasteride is accompanied by near-complete intraprostatic DHT suppression.
Conclusions
Treatment with dutasteride 0.5 mg/day for 3 months in men with BPH awaiting TURP, was associated with nearcomplete suppression of both intraprostatic and serum DHT. Dutasteride readily distributed to the prostate and significant intraprostatic DHT suppression was achieved with all measured intraprostatic dutasteride levels. The Line of unity Figure 4 Relationship between serum and intraprostatic dutasteride levels. The graph illustrates the strong correlation between serum and intraprostatic dutasteride levels.
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